Daily aerosol samples collected in trade winds at Barbados, West Indies, throughout 1996-1997 yielded significant concentrations of viable (culture-forming) bacteria and fungi only when African dust was present. Air masses from the North Atlantic, North America, and Europe yielded no cultivable organisms. The strong association of cultivable organisms with African dust suggests various factors that might be relevant to viability. Although we did not specifically look for pathogens, these same mechanisms could protect them as well. Our results suggest that arid regions could be an important source for the long-range transport of viable microorganisms. The transport of microorganisms to Barbados follows a clear meteorological and seasonal pattern, which suggests that it should be possible to model the transport process and to predict events. Microorganism and dust concentrations were unusually great in 1997, possibly in response to the strong El Nin˜o. This suggests that the long-range transport of microorganisms might be particularly responsive to climate variability in general.
Introduction
Winds serve as a mechanism that enables the rapid transport of microorganisms (MOs) among widely dispersed habitats (Isard and Gage, 2001 ). These include organisms pathogenic to humans, animals, and plants (Brown and Hovmøller, 2002) . It is well known that plant pathogens can be transported by winds over hundreds of kilometres, for example, the periodic transport of Tobacco Blue Mold (Peronospora tabacina Adam) from Cuba to the southeastern United States (Davis and Monahan, 1991) . There is, however, only anecdotal indirect evidence for the long-range transport (LRT) of viable MOs on intercontinental scales. In the review by Brown and Hovmøller (2002) , the attribution to over-ocean wind transport of MOs is based solely on the existence of generally favorable synoptic meteorological conditions, not on any specific measurements of MOs present in hypothesized transporting winds. For example, sugarcane rust in the Dominican Republic is attributed to the transport of urediospores from Cameroon (Purdy et al., 1985) , based on the relative timing of rust outbreaks in those locations and the prevalence of wind trajectories that could conceivably effect such transport. The one unambiguous clearly documented case of live organism transport from Africa to the Caribbean occurred in 1988, when swarms of African desert locusts (Schistocerca gregaria) reached Trinidad and Barbados (Ritchie and Pedgley, 1989; Rosenberg and Burt, 1999) .
We are aware of no long-term systematic studies of the LRT of MOs over the oceans. A few studies have been carried out over the oceans and in remote (primarily high latitude) regions but the data are sporadic and much of it is in the older literature. Lighthart and Stetzenbach (1994) summarize this literature and conclude that although it has been shown that bacteria and fungi can be transported in the air for long distances, evidence suggests that ''most survive over relatively short times.'' They also note that the genera/species distributions change with distance from the source but they do not comment on any systematic behavior that would provide insights on the factors that affect the viability of the MOs.
Our study is based on Barbados (13.18°N, 59.43°W), the eastern-most island in the Caribbean (Figure 1 ), where we have made aerosol measurements continuously since 1965. During much of the year the trade winds carry large quantities of African mineral dust to Barbados (Savoie et al., 1989; Li et al., 1996; Prospero 1996; Prospero and Lamb 2003) . Winds subsequently carry dust into the Caribbean and to Florida (Prospero, 1999; Prospero et al., 2001) , to the eastern United States (Perry et al., 1997) and to Bermuda (Arimoto et al., 1992 (Arimoto et al., , 1995 .
The primary purpose of this study is to characterize the day-to-day variability of common airborne MOs and to place the variability in the context of the large-scale synoptic meteorology of the tropical Atlantic. To this end we collected daily aerosol filters and cultured them for bacteria and fungi using standard techniques. Concurrently we measured an array of inorganic aerosol species: mineral dust from soils; non-sea-salt (nss) SO 4 = i.e., SO 4 = from sources other than the salts in ocean-water spray droplets, primarily pollution sources and the oxidation of dimethyl sulfide emitted by marine phytoplankton (Davis et al., 1999) ; NO 3 ) , derived from both natural and pollution sources (Holland et al., 1999) ; sea-salt from ocean spray droplets (Savoie et al., 2002) . Because of our long history of studies on Barbados we have a good understanding of the factors that control aerosol composition and concentration in the North Atlantic trade winds. By combining measurements of conventional inorganic aerosols, including mineral dust, with those of bacteria and fungi, we would expect to gain a better understanding of the factors affecting the large scale transport of viable MOs. Because we collect daily samples we can more readily relate our measurements to specific meteorological situations and to specific back-trajectories. In this study we examine and compare the daily temporal record of aerosol and microorganism concentrations over the period 1996-1997.
Methods

Sampling techniques
Sampling is carried out at Ragged Point, Barbados, (Figure 1 ) at the top of a 17 m high walk-up tower standing on a 30 m high bluff located immediately on the easternmost coast of the island. Daily filter samples are collected at a nominal 10 l min )1 (i.e., about 14 m 3 day )1 ) using sterile microbiological filters (cellulose nitrate, 47 mm in diameter, 0.2 lm pore size). We paid considerable attention to the location of the sampling site and sampling 
